Eight years ago a cat sustained injury to the left globe and phthisis bulbi ensued. Two months prior to presentation, a firm intraorbital and periorbital mass developed and enucleation was done; histologic examination revealed osteogenic sarcoma. This is the first histologically documented report of osteosarcoma occurring in association with phthisis bulbi.
Intraocular bone formation has been noted in a variety of conditions affecting eyes in man and animals [7, 15] . Although intraocular ossification is a relatively frequent finding on examination of enucleated globes, we found only one report in the literature of osteogenic sarcoma occurring in a globe previously known to contain bone [8] . This paper describes a case of osteogenic sarcoma in a phthisical eye of a cat.
Case History
A ten-year-old female, gray-white, domestic short-haired cat sustained an injury to the left globe eight years ago, with the subsequent development of phthisis bulbi. In late January 1980, a firm enlarging mass was described in the left orbit and was interpreted clinically to represent enlargement of the phthisical eye. A general physical examination revealed no swellings involving the long bones, ribs, or other skeletal structures. Topical therapy did not resolve the orbital mass. Mineralization of orbital and periorbital tissues was found in skull radiographs. No osteolysis or periosteal elevation involving the orbital rim or zygomatic arch was present. The cat was referred for surgery and enucleation was done.
Following discharge, the cat became lethargic and anorectic, soon developed seizures, and subsequently became stuporous. The cat continued to deteriorate neurologically and was killed. Permission for necropsy was denied.
Results
On gross examination the enucleation specimen consisted of two crescentic masses of tissue measuring 1.5 X 1.5 X 0.6 em. One crescentic mass was tan in color and lobulated on its margin. The boundaries of the globe were not well-defined grossly.
Microscopic examination revealed a globe containing viable bone, necrotic bone, and a neoplastic growth. The only recognizable anterior segment structures were the cornea, the lens capsule, and a portion of conjunctiva. Tumor cells were seen between the corneal stromal lamellae ( fig. 1 ). Descemet's membrane was fragmented and detached from the remainder of the cornea, and the lens capsule was surrounded by the tumor (fig. 2 ). The sclera also was infiltrated by tumor cells. The uveal tract was disrupted severely, and retinal pigment epithelial clumping was recognized.
Histologic components of the tumor included a fibrocellular tissue set in a matrix of bone ( fig. 3 ). The bone appeared normal in some areas and necrotic in others. Portions of the tumor contained large anaplastic cells with hyperchromatic nuclei. These pleomorphic cells appeared to represent tumor osteoblasts. Microscopic findings were reviewed by consultants from the Department of Pathology at Angell Memorial Hospital, the Eye Pathology Laboratory of the Massachusetts Eye and Ear Infirmary, and the Department of Pathology of the Massachusetts General Hospital and were felt to be consistent with osteogenic sarcoma.
Discussion
Heterotopic calcification and ossification have been noted in many tissues and organs in man including cartilage, scar tissue, muscle and fibrous tissue (myositis ossificans), various benign and malignant tumors, meninges, brain, arteries, lung, lymph nodes, stomach, kidney, ureter, bladder, skin, and the eye [26] . Ocular calcification is seen occasionally in man in Coats' disease and often is found in foci of necrosis in retinoblastoma; indeed, it has been suggested that calcium deposition may play an important role in spontaneous regression of retinoblastoma [23] . The presence of true bone in ocular tissues in man was first demonstrated in 1857 [12], and since then intraocular bone formation has been noted in many conditions affecting the eye [7, 10, 17, 18] . Intraocular ossification is often a prominent feature of phthisis bulbi (atrophy, shrinkage, and disorganization of ocular tissue following traumatic, inflammatory, or degenerative ocular disease).
Intraocular bone formation also has been described in association with several specific structural abnormalities of the eye, including buphthalmos and microphthalmos, and with several benign ocular neoplasms, including angiomata, dermolipomata, and teratomata [7, 21] . Isolated episcleral or choroidal deposits of bone (episcleral or choroidal osseous choristomata) also have been described in otherwise normal eyes [3, 14] . Less information is available concerning bone formation in the animal eye. Bone is said to be a normal component of certain ocular tissues in some species [6] , and the literature contains reports describing bone formation in various developmental abnormalities and degenerative states of the animal eye, including phthisis bulbi [15] .
The occurrence of malignancy in an eye containing bone was discussed in the review of intraocular ossification in the human eye [9] . The authors observed a human eye with choroidal melanoma containing a plaque of bone and cite Reese's description of a malignant melanoma associated with intraocular ossification and longstanding retinal detachment. An osteosarcoma originating in an ossified area of an atrophic globe also has been described [8] . The development of osteogenic sarcoma in another type of heterotopic bone (associated with myositis ossificans) is well documented [20] . The development of a ciliary body tumor in a phthisical human eye containing bone was described in 1908 [11] , and in 1918 the occurrence of multiple myeloma in the marrow of intraocular bone was reported [25] .
Although certain ocular tissues of various animal species may be calcified and even ossified in health as well as in disease, there have been no reports of malignant neoplasms occurring in animal eyes with such naturally occurring bone. The intraocular occurrence of various sarcomatous tumors, including feline chondrosarcoma with site of origin uncertain is, however, well documented [16] .
We suspect this cat to have had intraocular bone formation as a manifestation of phthisis bulbi. It is probable that the heterotopic bone underwent sarcomatous change. An alternative is that the clinical and pathologic picture described could result from intraocular metastasis of an osteosarcoma arising elsewhere in the body. Several instances of ocular spread of various carcinomatous and sarcomatous malignancies have been noted in the veterinary literature [1 , 2, 16] . In addition, osteosarcoma metastatic to the choroid has been described in man (17, 24] . No abnormalities of long bones suggestive of primary tumor site were apparent, however, on physical examination of this cat at presentation. Nevertheless, lesions at other relatively common primary sites of feline osteosarcoma (including the facial bones and axial skeleton) are difficult to exclude by physical examination alone [13] . Furthermore, extraosseous osteogenic sarcoma is a well-established entity in man [21] , and has been described in the dog as well [4] .
The clinical course described is consistent, in our opinion, with both an ocular or extraocular primary site with cerebral or systemic metastatic disease, and thus is of limited value in the determination of the location of the primary malignancy. A third possibility is that of direct ocular extension of an osteosarcoma primary in the orbit. Primary osteosarcoma of the orbit is rare in man, comprising only I% of primary sites of osteosarcoma, and usually is related to fibrous dysplasia, osteitis deformans, or previous radiation therapy to the eye or orbit [22] . Feline osteosarcoma, however, often arises in the bones of the skull; indeed, up to 24 to 27% of feline osteosarcomas may develop in this area [13] .
A major study from the Armed Forces Institute of Pathology revealed that approximately 4% of human eyes with opaque media enucleated from white patients who had been blind for at least six months harbored malignant melanoma [18] . While this statistic should not be applied indiscriminately to a clinically asymptomatic population, it is clear that there is an increased incidence of malignant melanoma in disorganized eyes. Similarly, there has been noted in man an increased incidence of ciliary body tumors in traumatized globes [5] . We believe that this report of intraocular osteosarcoma arising in association with phthisis bulbi underscores the importance of close observation of phthisical eyes and prompt surgical intervention in the event of suspicious change.
